Abstract The main objective of the current study is to examine the role of the statistical relation between BCL2 gene (Ala43Thr) single nucleotide polymorphism and growth hormone (GH1) levels in Egyptian HCV genotype-4 patients before and after treatment with pegylated interferon plus ribavirin. Eighty patients with HCV genotype-4 and 40 healthy volunteers as controls were enrolled in the prospective study. Gene polymorphism of BCL2 (Ala43Thr) using PCR-RFLP technique and GH1 concentrations using ELISA procedure were measured for all patients and controls. The present study resulted that Responder HCV genotype-4 Patients, with BCL2 43Ala genotype, have high significant increase in pre-treatment GH1 levels ([1 ng/ml); which represent normal levels, as compared to non-responders pre-treatment GH1 levels (\1 ng/ml); which represent low concentrations. We concluded that HCV genotype-4 patients who have normal GH1 concentrations and BCL-2 43Ala genotype can successfully achieve response to interferon based therapy.
Introduction
Hepatitis C virus (HCV), a major health problem worldwide, is one of the main infectious causes of hepatitis [1] . HCV belongs to the genus Hepacivirus of the family Flaviviridae. HCV is a single stranded, positive sense RNA virus with a genome of approximately 9,500 nucleotide [2] . Egypt has one of the world's highest prevalence of HCV infection [3] , estimated nationally at 14.7 %. An estimated 9.8 % are chronically infected [4] . Combination therapy with pegylated interferon (PEG-IFN-a) and ribavirin (RBV) has markedly improved the clinical outcome, but less than half of the patients with chronic HCV can be expected to respond favorably to currently available agents [5] .
B cell CLL/lymphoma-2 (BCL2) gene is one of BCL2 family members which considered as key regulators of apoptosis [6] , and display anti-apoptotic activity [7] . Apoptosis or programmed cell death is an important mechanism that plays an important role in limiting viral replication in infected cells. Many viruses produce variety of mechanisms to neutralize IFN secretion and block genes participating in apoptosis. HCV has the features of both induction and inhibition of hepatocyte apoptosis [8] .
Previous observations discussed mutations/polymorphisms in the BCL2 gene at SNP (Ala43Thr) and its involvement in chemoresistance of acute myeloid leukemia [9] , Egyptian HCV genotype-4 response to IFN/RBV combination therapy [10] , and autoimmune diseases resistance [11] including; type-1 diabetes mellitus (T1DM), systemic lupus erythematosus (SLE), and rheumatoid arthritis (RA). It was suggested that all patients treated with IFNa2b ? RBV showed a significant reduction in BCL2 accumulation in hepatocytes. Moreover, BCL2 expression was also decreased in non-responders (NR), although to a less extent than in responders, under the influence of IFNa2b ? RBV therapy [12] .
Previous studies suggested that GH1 in HCV German [13] and Egyptian [14] patients was significantly decreased and increased significantly after antiviral therapy with interferon. Growth hormone (GH1) resistance is present in chronic liver disease (CLD) from the early stages. This result could begin new therapeutic lines of attack in the management of CLD [15] . GH1 secretion has been localized to numerous sites such as cells of the immune system including macrophages, B cells, T cells, and natural killer cells [16, 17] . Mitsunaka et al. [18] hypothesized that BCL2 expression was increased by GH1 treatment in lymphocytes.
Overall, these previous observations promoted us to establish a novel statistical meaning which examine the potential role of the relation between Bcl-2 gene single nucleotide polymorphism (SNP) at (Ala43Thr) and circulating GH1 among Egyptian HCV genotype-4 infected patients treated with pegylated interferon-a and RBV (PEG-IFN-a/RBV) combination therapy.
Materials and Methods

Subjects
One hundred and twenty individuals were included in this study and divided into two groups; 80 HCV infected patients group and 40 healthy controls group. HCV chronically infected patients visiting out patient clinics of Tropical Medicine and Hepatology Department, El-Kasr El-Aini Hospital, Cairo University, Egypt were enrolled in our study after signing consent form. HCV Egyptian patients received combination treatment of PEG-IFN/RBV for 24 weeks. The study protocol and informed consent were approved by the Ethics Committee of Cairo University.
Patients were divided into two groups; 40 sustained virological responders (SVR) when the HCV-RNA remains undetected after 6 months of cessation of treatment and 40 NR who were tested positive with detectable HCV-RNA at week 24.
Patients Criteria
Patients participated in the study fulfilled the inclusion criteria included: age 18-54 years, elevated ALT and AST ([37 IU/L); within 6 months prior to entry the study, positive HCV antibodies, detectable HCV-RNA, HCV genotype-4, liver biopsy showing histological evidence of chronic hepatitis and they were never previously treated with interferon.
On the other hand, patients presented with liver cirrhosis or hepatocellular carcinoma (HCC), hemoglobin (\11 g/dL), total leucocytes count (\3,000/mm 3 ), neutrophil (\1,500/mm 3 ), platelets (\100,000/mm 3 ), prothrombin time out of normal range (9.8-13.8 s), presence of antinuclear antibodies (ANA titre \1/160), liver diseases other than hepatitis C were excluded from this study.
Biochemical and Histological Investigations
Liver profile and alpha fetoprotein (AFP) were performed as standard biochemical laboratories tests. GH1 concentrations were measured in Egyptian hepatitis C genotype-4 infected patients and healthy controls using GH1 ELISA kit supplied by (DRG International, Inc., USA). Human GH1 levels ([1 up to 7 ng/ml) represent normal concentration ranges, but GH1 levels (\1 ng/ml) represent low concentrations. HCV patients were subjected to abdominal ultrasound and liver biopsy was taken from each patient before the onset of therapy to estimate the grade of activity and fibrosis according to Metavir Scoring System [19] .
HCV Genotyping and Viral Load Determination
RNA was extracted for HCV genotyping and viral load determination from sera using a Qiagen Viral RNA kit (Hilden, Germany). HCV-RNA genotyping was performed using Ohno method. This method depended on nested PCR amplification of HCV core gene using genotype specific primers [20] . HCV-RNA quantification was performed by Real-time PCR using a LightCycler system (Roche Diagnostics GmbH, Mannheim, Germany). HCV-RNA in serum was graded into low, moderate and high levels.
BCL-2 Genotyping at (Ala43Thr) Polymorphism Point
The polymorphism of BCL2 gene at point (Ala43Thr) was studied in the current study to test whether BCL2 gene polymorphism has an impact on pegylated interferon plus RBV treatment response using PCR-RFLP technique. The DNA was extracted from whole blood of all patients and healthy controls using QIAamp DNA blood kit supplied by (Qiagen Inc., Valencia, USA). Nested PCR for amplifying BCL2 gene using specific four primer sequences (5 0 -3 0 ) and reaction conditions were mentioned in our previous study [10] . PCR reagents were supplied by (Promega, Inc., UK). The nested PCR product (178 bp amplicon) was incubated at 37°C over night with BglI restriction enzyme using Restriction Fragment Length Polymorphism (RFLP) technique to identify different three BCL2 genotypes. PCR and digested PCR products were electrophoresed on a 2 and 3 % agarose gel respectively. The gel was visualised on a UV gel documentation computerized system and images were manipulated by BioDocAnalyze software program (Biometra Ò , Goettingen, Germany). PCR reagents, BglI and DNA ladder were supplied by (Fermentas, Life Sciences).
Statistical Analysis
Data were statistically described in terms of range, mean, standard error (±S.E.), frequencies (number of cases) and relative frequencies (percentages) when appropriate.
Comparison of variables between the study groups was done using (ANOVA) test. For comparing categorical data, Chi square (v 2 ) test was performed. A probability value (P value) less than 0.05 was considered statistically significant. Statistical calculations were done using statistical computer program: SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA, 2001). Table 1 illustrated the clinical, virological and histological features of responder and non-responder patients to combination therapy of pegylated interferon and RBV; where there were a high significant differences of post-treatment ALT, AST and GH when comparing non-responder to responder patients treated with pegylated interferon and RBV combination therapy (P = 0.000). However, there were no significant differences (P \ 0.05) of gender, age, pre-treatment ALT, AST, AFP, GH1, HCV-RNA levels and metavir (grade of liver activity and fibrosis score) when comparing responder to non-responder patients.
Results
Interferon Therapy Response
BCL-2 Gene Polymorphism at Point (Ala43Thr)
As illustrated in Fig. 1 , the end product of the nested PCR of BCL2 gene was identified at amplicon size (178 bp). The BCL2 genotypes were detected using RFLP technique as described previously. BglI restriction enzyme cuts 43Ala PCR products but does not cut 43Thr fragments and the end products were the wild type homozygote, i.e. the 43Ala genotype (157 ? 21 bp), the mutant type homozygote, i.e., the 43Thr genotype undigested (178 bp), and the heterozygote, i.e., the Ala43Thr genotype (178 ? 157 ? 21 bp) as illustrated in Fig. 2 .
As shown in Table 2 , HCV patients showed a non-significant higher frequency of BCL-2 43Thr genotype and allele when compared to healthy control individuals. Whereas, the frequencies of BCL2 gene SNP at (Ala43Thr) in HCV patients treated with PEG-IFN/RBV are summarized in Table 3 . This table showed that non-responder patients have a high frequency (about double) and significant increase of BCL2 43Thr genotype and allele as compared to responder patients. Moreover, responders showed a higher frequency of BCL2 43Ala genotype and allele when compared to NR.
BCL-2 Polymorphism, GH Levels and HCV Response
The GH1 levels of eighty patients infected with chronic HCV infection and forty healthy controls showing different BCL2 genotypes are summarized in Table 4 . This table showed that HCV genotype-4 patients have a high significant decrease in GH1 levels regardless of their BCL2 genotypes as compared to healthy control individuals (P = 0.000). The present study added that, in the level of BCL2 Ala43Ala genotype, Table 5 showed that responder HCV genotype-4 patients have a high significant increase (P = 0.000) in the pre-treatment GH1 levels ([1 ng/ml), which represent normal concentration ranges, as compared to NR GH1 levels (\1 ng/ml), which represent low concentration ranges. Whereas, there were no significant differences of pre-treatment GH1 levels of responder HCV patients treated with combination therapy as compared to NR in the levels of BCL2 Ala43Thr and 43Thr genotypes. Moreover, nonresponder patients have a high significant decrease in post-treatment GH1 levels regardless of their BCL2 genotypes as compared to responders (P = 0.000) as illustrated in Table 5 .
Discussion
In our previous studies, we observed that response to interferon plus RBV combination therapy has an impact on GH1 levels [14] and that there was a significant difference between responders and NR as regards 43Thr genotype [10] . These two findings promoted us to conduct the current study to investigate whether the relation between Bcl-2 gene SNP at (Ala43Thr) and the level of circulating GH1 can affect the Egyptian HCV genotype-4 response to pegylated interferon-a and RBV combination treatment.
The present study main finding is that responder HCV genotype-4 patients have a high significant increase in the The bold numbers represent significant differences (P [ 0.05) SE standard error; * Significant difference (P \ 0.05); GH [1 up to 7 ng/ml-normal range; GH \1 ng/ml-low concentrations pre-treatment GH1 levels ([1 ng/ml), which represent normal ranges, as compared to NR GH1 levels (\1 ng/ml), which represent low concentrations; in the level of BCL2 (Ala43Ala genotype); as compared to NR. Thus, we can hypothesized that HCV genotype-4 infected patients who have BCL2 Ala43Ala genotype and normal GH1 levels may successfully achieve response after combination treatment with PEG-IFN/RBV. The current study finding may be clarified by the following mechanism of action of the GH1 levels and BCL2 Ala43Thr genotypes in HCV patients treated with pegylated interferon plus RBV combination therapy. This mechanism was illustrated as two pathways in Fig. 3 . BCL2 family members are key regulators of apoptosis, which is an important mechanism that plays a critical role in limiting viral replication in infected cells. BCL2 gene which is a member of the BCL2 family has anti-apoptotic activity and BCL2 gene has three genotypes; the Ala43Ala genotype, the Thr43Thr genotype, and the Ala43Thr genotype. The Thr43Thr and Ala43Thr genotypes of BCL2 gene were summed in 43Thr genotype. There are two possible pathways of GH1 and BCL2 genotypes were illustrated in Fig. 3 .
Responder HCV patients, with BCL2 Ala43Ala genotype, have high significant increase in pre-treatment GH1 levels ([1 ng/ml); which represent normal levels, as compared to NR pre-treatment GH1 levels (\1 ng/ml); which represent low concentrations. This genotype of BCL2 gene may induce apoptosis which leads to cells homeostasis and induction in immune system. This mechanism sequence leads to HCV elimination and inhibition of viral replication. Pituitary gland activates cells of the immune system including macrophages, B cells, T cells, and natural killer cells to secrete GH1. Then, GH1 stimulates, through the JAK-STAT signaling pathway, the production of insulinlike growth factor 1 (IGF-1). The liver is a major target organ of GH for this process and is the principal site of IGF-1 production. BCL2 expression was increased by GH1. IGF-1 also leads to induction of cells regeneration and immune system and tissue homeostasis. This mechanism is lead to inhibition of HCV replication and after IFN based therapy HCV patient can achieve response. Finally, this mechanism proves that HCV patients who have 43Ala genotype and normal GH levels are more susceptible to achieve response after combination therapy with interferon and RBV.
Pathway ''B''
The summed 43Thr genotype was more frequent and statistically significant in non-responder HCV patients as compared to responders. This genotype of BCL2 gene may inhibit the programmed cell death which leads to disturbance in tissue and cells homeostasis and reduction in immune regulation. This result surly lead to viral replication and HCV persistence. Moreover, virus produces variety of mechanisms to neutralize interferon and block genes participated in apoptosis. This mechanism proves that HCV patients who have 43Thr genotype are more susceptible to be NR after combination therapy with interferon and RBV.
Pennisi et al. [21] suggested that GH1 plays a critical role in liver regeneration by which the liver responds to injury. The liver is a major target organ of GH1 and is the principal site of IGF-I production. Moreover, all the previous data showed the critical role of GH1 in body as a fundamental core for human health and any defect in its secretion may be lead to dangerous results.
As we mentioned in the present study introduction that authors discussed polymorphism in the human BCL2 gene focusing on (Ala43Thr) SNP in autoimmune diseases resistance such as; T1DM and SLE [11] . On the contrary, previous study revealed that the reported BCL2 SNP in familial T1DM was not present in the Danish, the Finnish, or the Basque collections at all, i.e. 1,371 individuals were homozygous for the wild-type allele [22] . Scientists added that SNP in the BCL2 gene, using a panel of Mexican Mestizos and Swedish control subjects, did not find the Ala43Thr variation in these populations either [23] . It is likely that the Ala43Thr polymorphism arose spontaneously in Asians/Japanese after the human ancestor population separated into Caucasians and Asians in the early history of Man. The current study found that NR have higher viral load and higher grade of liver activity and fibrosis than in responders but with no significant differences which agree with previous studies on HCV genotype-4 [24, 25] . On the contrary, several studies have shown that high viral load and high grade of liver activity and fibrosis are negatively related with sustained virological response to interferon treatment [26, 27] .
Liver enzymes and AFP were elevated in our Egyptian HCV patients and it is almost same as other patient groups as previously reported [28] [29] [30] [31] [32] . The current study was demonstrated that AFP was negatively associated with treatment response in our HCV patients as reported in the previous study which included 100 Egyptian patients with chronic hepatitis C [33] . The current results added that there were high significant differences of post-treatment ALT and AST on response to treatment. These results confirm that early normalization of an abnormal ALT level may indicate response to antiviral treatment which agree with previous studies [34, 35] .
In conclusion, we can suggest from this study that the statistical relation between normal GH1 level and BCL2 Ala43Ala genotype were involved in HCV genotype-4 response to interferon based therapy and HCV genotype-4 patients who have normal GH1 concentrations and BCL2 43Ala genotype can successfully achieve response to PEG-IFN/RBV combination therapy. 
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